Variation in heritability and in genetic correlation estimates were evaluated for juvenile tree height and volume for six testing areas of loblolly pine (Pinus taeda L.) in the southeastern United States. Variance components and their functions (heritability and type B genetic correlations) were estimated from 265 six-parent disconnected diallel series, tested in almost 1000 trials (4 tests per diallel series). Original data were collected at age 6 years from about one million trees (265 diallel series x 30 crosses x 36 trees per cross/site x 4 sites) planted in field tests. Genetic tests were from the second cycle of breeding in the North Carolina State University -Industry Cooperative Tree Improvement Program. The overall unbiased individual-tree narrow-sense heritability for height was 0.19 and for volume was 0.16. The broad-sense heritabilities for height (0.24) and for volume (0.22) were higher than narrow-sense heritabilities due to the presence of non-additive genetic variance. There were moderate regional differences in these estimates, with tests in the Lower Gulf Coastal Plain tending to have the highest heritabilities for growth traits. There was very little association between site index and heritability, but heritabilities were higher on sites with the highest survival and highest test precision. Genotype x environment interactions were generally low both for half-sib and full-sib families, indicating that families can be operationally deployed to different sites with little concern about unpredictable performance.
Introduction
Loblolly pine (Pinus taeda L.) is the most widely planted forest tree species in the United States and is the most economically important species for landowners and the forest products industry in the South. Almost one billion seedlings are planted each year, virtually every one the result of aggressive tree improvement programs (MCKEAND et al., 2003b) . Cooperators in the North Carolina State University -Industry Cooperative Tree Improvement Program (NCSU-ICTIP) started breeding and testing over 3000 plantation selections and over 700 second-generation selections in the early 1980's. The second cycle of breeding and testing has been completed, and progeny test measurements are now available for over 3000 parent trees.
This enormous data set that includes genetic and environmental components of variation is extremely useful for tree breeders to optimize selection strategies in loblolly pine programs as well as to fine-tune breeding strategies. Program-wide summaries of genetic parameters have been published for several conifer species (e.g. DIETERS et al., 1995; HODGE and DVORAK, 1999; HODGE and WHITE, 1992; JAYAWICKRAMA, 2001; ISIK et al., 2005) . A similar published summary for loblolly pine would be appropriate and useful; results of firstgeneration loblolly pine tests have been previously reported (LI et al., 1996) .
As tree breeding progresses into advanced-generations, breeders are challenged to keep obtaining gain quickly and in a cost-effective manner. High individualtree heritability is obviously important, since predicted gains are proportional to heritability. There are a few reports on the effects of silvicultural treatments such as mechanical site preparation and weed control on heritability (e.g. HUBER et al., 2003; LOPEZ-UPTON et al., 1999; WOODS et al., 1995) , but tree breeders still have more to learn about what makes an ideal progeny test site. It would be interesting to study whether two different types of test site (cutover ex-forest sites vs. stumpfree agricultural land) used in the NCSU-ICTIP secondcycle tests resulted in noticeably different outcomes.
In this paper, we report the results from age 6-year measurements of growth traits for over one million trees planted in almost 1000 individual trials (265 diallel series each with 3 or 4 sites/per series). The scope of the second-cycle testing effort with control-pollinated families is unparalleled in tree improvement programs, and the results have wide ranging implications for loblolly pine breeding and for other tree breeding programs around the world.
Materials and Methods

Experimental materials and data description
Parent trees for the second cycle of breeding in the Cooperative originated from two sources; plantation selections and second-generation selections. More than 700 second-generation trees that were selected from crosses among superior first-generation parents were included in the breeding program. Most trees (3120 out of total 3800 selections) were phenotypic selections from plantations established in the 1940's to the 1960's that did not originate from tree improvement programs. Thus, these plantation selections were presumably October 2006) unrelated to trees in the second-generation population (see WEIR and ZOBEL, 1975 for details about the origin of trees). Selections were bred in six-parent disconnected half-diallels, resulting in a total of 15 full-sib families per diallel; no selfs or reciprocal crosses were made (TALBERT, 1979) . The resulting progeny were planted in balanced test series (the goal was four tests per test series), each comprised of progeny from two or occasionally three diallels. At each of the four test locations, a randomized complete block design with six blocks was used, and each full-sib family was planted in 6-tree plots in each block. A total of 265 pairs of six-parent half-diallels (series) were field-tested in 977 progeny trials throughout the southeastern USA.
At age six years, height, diameter at breast height (DBH), presence or absence of fusiform rust galls (caused by Cronartium quercuum (Berk) Miyabe ex Shirai f. sp. fusiforme), stem straightness, and survival were assessed for each tree. Volume per tree was estimated using the formula of GOEBEL and WARNER (1966) . Age six years is the standard selection age for loblolly pine in the NCSU-ICTIP Program (MCKEAND, 1988; LI et al., 1996; XIANG et al., 2003a) , and only growth traits (height and volume) at age six are presented in this paper.
A linear mixed model was fitted to data within a test series to estimate variance components (XIANG and LI, 2001) .
Where Y ijoklm is the mth observation of the jth block within ith test (location) for the klth cross within oth diallel; µ is the overall mean; T i is the ith fixed test environment effect, i =1 to t; B j (i) is the fixed effect of jth block within ith test, j =1 to b; D o is the oth fixed diallel effect, o =1 to d; G k(o) or G l(o) is the random general combining ability (GCA) effect of the kth female or lth male parent within oth diallel, S kl(o) is the random specific combining ability (SCA) effect of kth and lth parents within oth diallel NID N(0, σ 2 s ); TG ik(o) or TG il(o) is the random effect of ith test by GCA effect of kth female or lth male parent within oth diallel ~NID N(0, σ 2 gt ); TS ikl(o) is the random effect of ith test by SCA effect of kth female and lth male parents within oth diallel ~NID N(0, σ 2 st ); P ijokl is the random plot effect for the klth cross within oth diallel in the jth block within ith test ~NID N(0, (σ 2 p ); E ijoklm is the random within plot error term ~NID N(0, σ 2 e ). All random effects are assumed to be independent of each other. The model was analyzed by using a SAS code developed for diallels (XIANG and LI, 2001 (XIANG et al., 2003b) . Individual-tree narrow-sense heritability (h 2 NS ) for each diallel set was estimated as the ratio of additive genetic variance to Table 1 . -The means (± one standard error of the mean) for tree height, volume, survival and coefficients of variation of plot-to-plot variance (%) at age 6 years in different geographic regions in the NCSU-ICTIP, diallel test series. Mckeand et. al.·Silvae Genetica (2008) (BURDON, 1977; FERNANDO et al., 1984) . Data obtained from this study are variance components and their functions (heritabilities and genetic correlations) resulting from analysis of 265 diallel series in six test areas (Table 1 and Figure 1 ) of the North Carolina State University Industry Cooperative Tree Improvement Program.
Statistical analysis
Basic statistics for all measured traits, and genetic parameters were calculated for each of the six test areas in the Cooperative. These are relatively small, homogeneous geographic regions where all tests share common check seedlots (ANONYMOUS, 1984) . Measurement and analyses were completed in 265 test series at age 6 ( Table 1) . From the analysis of each test series, the variance due to block x family interaction within each test (e.g. the variance of the P ijokl or random plot effect from model 1) was used as an estimate of the precision for a given test series. The block x family variance was standardized as a coefficient of variation (CV) for each test series to minimize scale effects. Plot-to-plot CV values for height for six test areas appear in Table 1 .
The response variables were genetic variances due to general (σ 2 g ) and specific combining ability (σ 2 s ), narrow-sense heritability (h 2 NS ,) and broad-sense heritability (h 2 BS ), and type B genetic correlations (r GCA , r SCA ) for height and volume. Descriptive statistics of genetic variances, heritabilities and type B genetic correlations were produced for each test area using the UNIVARI-ATE procedure of SAS (SAS INSTITUTE INC., 1996) . For each test area, the means and standard error of the means for heritabilities and genetic correlations were produced using the MEANS procedure of SAS (SAS INSTITUTE INC., 1996) . To determine the effect of average test series height, survival, and CV on estimates of heritabilities, correlations among test series averages were calculated using the CORR procedure in SAS (SAS INSTITUTE INC., 1996) .
Another way to evaluate the importance of GxE is to compare its variance to the genetic variance. The ratio of the genotype x environmental (GxE) interaction variance over the genetic variance may be referred to as the K-statistic (MCKEAND et al., 1997b) . The K statistics for unrelated half-sib families (K hs ) and for unrelated fullsib families were estimated as follows:
This is a particularly meaningful measure of genotype by environment interaction when the environments investigated are considered to be a random sample from a larger set. The smaller the K statistic, the lower is the family by environment interaction. For this case, the Kstatistic may be interpreted as the proportional amount by which the expected genetic variance within environments is greater than the genetic variance measured over environments. Such an interpretation follows from theory developed by YAMADA (1962) and COCKERHAM (1963) which implies that the genotype x environment interaction variance can be expressed as:
where E[σ 2 g ] indicates expectation over environments of genetic variance within environments, and σ 2 G represents genetic variance determined over environments.
The K-statistic varies inversely with the intraclass correlation t as described by DICKERSON (1962) and YAMADA (1962) .
The intraclass correlation is sometimes used as a lower bound for the expected genetic correlation for a trait measured on relatives in two different environments (e.g. the type B genetic correlation of BURDON, 1977) .
The heritability and type B genetic correlations estimated from individual test series are biased because they are not random samples derived from a population but are based on ratios of specific variance components from a test series (ISIK et al., 2005) . Unbiased estimates of heritabilities and type B genetic correlations can be estimated using the first order of the variance components estimated for each test region as suggested by (ISIK et al., 2005) .
Where the sigma square bar indicates that the estimate is averaged over all test series in a region. These estimates are considered 'true' unbiased values for each region (ISIK et al., 2005) . Since the variance components are considered a random sample for a test region, the means are µ xi = µ xj = µ x , and their variances would be σ 2 (µ xi ) = σ 2 (µ xj ) = σ 2 (µ x ), and there is no covariance between the means (LYNCH and WALSH, 1998) . Thus, the sampling variance of the unbiased mean (i.e., unbiased heritability) would be Var (h ) the is the average of variance of genetic variance for a given test region. The standard error of the mean would be the square root of the variance.
The impact of site preparation on test quality was determined by comparing a subset of tests established on cutover forested versus agricultural old-field sites for average height, survival, and the CV for height on a block by family basis. Cooperators were encouraged to establish diallel tests on agricultural sites, and this comparison allowed us to determine if there was any benefit to this practice. Detailed site information was available for 364 individual tests; 141 on cutover sites versus 223 on agricultural fields.
Results and Discussion
Descriptive statistics of traits for each test area
Overall, trees averaged 6.24 meters in height and 24.2 dm 3 (cubic decimeters) in volume at age 6 years ( Table 1) . Survival was generally high, averaging 91% across al the test regions. The range of height means for individual test regions was large. Average height varied from 5.6 m to 7.2 m and average volume from 18 dm 3 to 37 dm 3 per tree. The largest trees were in the Coastal Plain of South Carolina with an average of 7.2 m and the smallest in the Virginia and northern North Carolina tests (5.6 m). Test regions had similar survival percentages. Survival ranged from 89.7 (Lower Gulf) to 93 % (Virginia and Northern North Carolina). The plotto-plot coefficients of variation (block x family interaction term) reflect the within-block homogeneity of the progeny tests. The test sites in the Georgia-Florida Coastal Test Area had on average higher coefficients than other regions ( Table 1 ). The average for this area was 7.3 %, whereas the average coefficient for other areas ranged from 5.3 % (Upper Gulf) to 6.3 % (Lower Gulf).
Distribution of genetic parameters
Whisker-box plots of GCA and SCA genetic variances, narrow-sense heritability and type B additive genetic correlations are given in Figure 2 . The small square in the box is the mean; the horizontal line inside the box is the median of the distribution. When the mean and the median overlap, the distribution is not skewed. In general, GCA and SCA variances and individual tree narrow-sense heritabilities were skewed upward (high estimates). Additive genetic correlation was typically skewed towards lower end of the distribution. Skewness in GCA variance and thus in heritability was highest in the Lower Gulf (test area 5). There were several outliers for all the genetic parameters in all six test regions. We considered values greater or smaller than three times of interquartile range as outliers (SAS INSTITUTE INC., 1996) . The extreme outliers (values greater or smaller than three times of interquartile range) were removed before calculation of descriptive statistics. The possible causes of extreme outliers are numerous. The sampling effect of parents may result in estimates outside of the theoretical expectations of variances due to 'bottle neck' (HILL, 1985) . Several factors such as tree mortality, test quality and damage caused by extreme climatic events may lead to extreme values of estimates of variances, but we could find no reason for these extreme values.
Heritabilities for height and volume
The individual-tree narrow-sense heritability for height averaged 0.18 and varied from a low of 0.15 in region 1 (Virginia and North Carolina) tests to a high of 0.23 in the Lower Gulf trials ( Table 2) . Heritabilities estimated from different diallel series in a test region varied considerably. The highest h 2 NS estimate for height in a test series was 0.62, and the lowest was 0.01 (data not presented). Broad-sense heritabilities were higher than narrow-sense heritabilities due to the presence of non-additive genetic variance for height. Overall, the ratio of non-additive to additive genetic variance was 0.59, so the H 2 BS was 0.25 or 39 % greater than the h 2 NS for height. There was relatively little regional variation in H 2 BS , but the highest variation in a heritability was found in regions 4 and 5 (Coastal GA-FL and Lower Gulf) as shown by the higher standard error of the mean (0.03) in these regions. Broad-sense heritability estimates for height in a test series ranged from 0.05 to 1.0 (data not presented). The cause of very small and very high h 2 estimates could be due to the sampling effect of genotypes and/or environmental factors. Similar heritability estimates were found for average stem volume as were found for height. The individualtree narrow-sense heritability for volume averaged 0.16, slightly lower than for height, and the range in heritability estimates across regions was not as great for volume compared to height, ranging from a low of 0.12 to a high of 0.18. The highest h 2 NS estimate for volume in a test series was 0.58 and the lowest was 0 (data not presented). Broad-sense heritabilities for volume were slightly higher (average H 2 BS = 0.22) than narrow-sense heritabilities. Overall, the ratio of non-additive to additive genetic variance was slightly higher for volume (0.83) than for height (0.59), indicating a relatively greater amount of non-additive genetic variance for volume. There was slightly more regional variation in H 2 BS compared to h 2 NS for volume, but the range in values was only from 0.17 to 0.25.
The unbiased individual-tree narrow sense and broadsense heritabilities are given in Table 3 . In general, the unbiased estimates were parallel to the simple averages for each region, except for region 4 (Coastal Georgia and Florida). The biased and unbiased h 2 NS for height was 0.15 versus 0.19, respectively, in the region 4. The difference between biased (0.13) and unbiased (0.10) H 2 BS for volume was smaller in that region. The cause of odd estimates (i.e., heritability greater than 1.0) could be explained by the sampling effect of genotypes and environmental factors. The unbiased heritability estimates for region 4 also had greater standard errors compared to other regions.
These estimates for narrow-sense and broad-sense heritabilities are fairly typical of what has been found for growth traits for various tree species (e.g. CORNELIUS, 1992 for h 2 NS estimates). Parent trees for each test series originated from a relatively narrow geographic region, typically within each of the test areas described in Tables 1 and 2 . Had selections from a wider geographic region been bred together in the diallels for a test series, the genetic variation would have been greater due to the large geographic genetic variation in loblolly pine (e.g. SCHMIDTLING, 2001). Summarizing genetic parameters from 105 diallel test series of loblolly pine, ISIK et al. (2005) also reported a wide range of heritability estimates. Partitioning parents of a tree breeding population into smaller groups, such as diallels, for mating and testing is a common practice due to logistic constraints (YANCHUK, 1996; JOHNSON and KING, 1996) . Thus, variance components may vary dramatically from one diallel test series to another, as reported in the literature (YEH and HEAMAN, 1987; CORNELIUS, 1992) . The fluctuation in genetic variances and thus in their functions is mainly due to 'bottleneck' of random sampling of small groups of parents from the population (HILL, 1985; ISIK et al., 2005) . Since the heritability estimates are based on such large number of genotypes, they could be assumed random samples of loblolly pine breeding populations. Then, the overall averages could be considered as populations' approximate means and could be used for genetic gain estimates and planning of future breeding programs.
Progeny test quality
A common measure used to evaluate test quality and precision is the block x family (plot) term coefficient of variation (CV). Values below 8 to 10 % for height at age six years are very acceptable and indicate high precision in a testing program. Overall, the average CV was 5.9 %, with a low of 5.3 % in the Upper Gulf and a high of 7.3 % in the Coastal Georgia and Florida trials. Cooperators put a tremendous amount of effort in finding uniform test sites for the 2 nd -generation and plantation-selection testing program. The high-quality data and breeding values that we have today is a direct result of these efforts.
There was a highly significant difference between cutover forested sites and agricultural sites for test precision (coefficients of variation for plot-to-plot mean squares) (T-test Pr < 0.001). Tests established on agricultural fields had average block x family CV's of 5.6 % for 6-year height, and tests on cutover sites had CV's of 7.0 %. There are many reasons why some test sites had higher CV's than others. Lower Coastal Plain sites with spodic soils and steep Piedmont sites proved to be particularly difficult to manage for test uniformity. Additionally, there were meaningful differences between organizations as to the resources devoted to site preparation and test management. With all these confounded and conflicting factors, no one cause for test uniformity or variation can be identified. However, there is little doubt that tests planted on agricultural sites were more uniform and yield better-quality data ( Table 1) . Results for the small number of first-generation coastal Douglas-fir (Pseudotsuga menziessi (Mirb.) Franco) tests established on ex-agricultural sites in the Pacific Northwest also suggest such sites have resulted in good heritabilities (K. JAYAWICKRAMA, unpublished data). The slash pine (Pinus elliottii Engelm.) breeding program in Florida appears to have improved heritabilities by a factor of two or three from the first cycle of breeding to the second cycle, through a combination of better silvicultural treatments and better field designs .
We did not compare heritability estimates for cutover and agricultural sites since heritabilities were estimated across four test sites for a diallel series not for individual sites. In most cases, test series had both type of sites that did not allow a direct comparison of heritabilities.
Relationships between genetic parameters and test characteristics
Several informative relationships among progeny test characteristics and genetic parameters (heritability) were identified. The trends were very similar for both height and volume. For height, the individual-tree narrow sense heritability ranged between 0 and 0.62, depending on the test series. Possible reasons for this wide range of estimates may include: 1) Genetic sampling: there were real differences in the genetic variances estimated from 265 diallel series. The small sample size of 6 parents per diallel may have contributed to the high variation in genetic variances due to bottle neck or genetic sampling effect.
2) The variation in heritability estimates could be at least partially explained by variation in test attributes such as tree size, test precision (as measured by the CV based on block x family effects), and by average test survival.
The relationship between test precision (CV) and heritability was negative (r = -0.31) indicating that as the precision decreased, (greater CV values) heritability for height decreased (Figure 3) . Survival had little effect on heritability estimates (r = 0.13, but significant at P < 0.03), probably because the overall survival was very high (91%), and the range in survival was fairly small. The poorest survival in a test series was 76 %, but only 5 of the 265 test series had survival below 80 %. Additionally, if survival in a block was below 75 %, we discarded it before analyzing the data. Therefore, the poorest surviving tests are not included in this analysis.
Although these relationships are not strong, they illustrate the value of maintaining minimum standards for survival and environmental uniformity in a tree breeding program. High survival and good test precision do not guarantee that heritability estimates will be high, since the effect of genetic sampling in the small diallels and test series can always be influential. Sometimes there are no genetic differences among 12 parents in a test series, and heritability will be zero. However, in tests that have large environmental variance and/or poor survival, genetic effects will very often be masked, and heritability will be low.
The average height for a test series varied by about three times (from 3.83 m to 9.57 m) at age 6 years. Overall, there was a small, but significant, correlation (r = 0.17) between average height in a series and the estimate of narrow-sense heritability for height ( Figure  4 ). There is a confounding effect in the correlation for h 2 NS since the heritabilities and average heights tend to vary concurrently across regions. For example, both h 2 NS and average height were high in the Lower Gulf and low in the northern tests (Region 1). When the relationship between test height and h 2 NS was assessed within a region, there was generally no significant correlation. One exception to this was in the Coastal South Carolina trials. There was a moderately strong positive correlation between height and h 2 NS (r = 0.60). Why this significant correlation occurred in Coastal SC is not clear, but in general, strong genetic effects were just as likely to exist on low site index sites as on high site index sites.
Estimated single-site heritabilites showed no association with site index in one summary of open-pollinated slash pine tests (HODGE and WHITE, 1992) . A study of full-sib tests suggested that within-site heritability estimates might be higher in high site-index tests than in low site-index sites (h 2 = 0.16 vs. h 2 = 0.11), though the differences between high site-index and low site-index were not significant (DIETERS et al., 1995) . An association between mean volume and heritability was suggested for tests of Pinus tecunumanii (HODGE and DVORAK, 1999) . A similar association between higher site means and higher within-site heritability is observed for coastal Douglas-fir in the US Pacific Northwest (K. JAYAWICKRAMA, unpublished data).
Relationships between different environments and heritability estimates have been extensively reviewed by HOFFMANN and MERILA (1999) . The authors invoked several hypotheses to explain variation in heritability under different environments. They suggested that the underlying cause is changes in additive genetic variance, but no consistent effect of unfavorable conditions were found. Higher type-B genetic correlations were reported for Pinus elliottii between pairs of locations of similar site indices than between pairs of locations with very different site indices (HODGE and WHITE, 1992) . The authors attributed high genotype x environment interaction to differences in site quality, and suggested that large site index differences between progeny test sites and commercial production land will decrease the reliability of progeny test data in predicting breeding values.
Genotype by environment interactions
In past studies, we have seen very little evidence for important genotype by environment interaction (GxE) for height or volume at the open-pollinated or half-sib family level for loblolly pine. For example, in a large series of trials, open-pollinated families were remark- Mckeand et. al.·Silvae Genetica (2008) ably stable across a wide range of sites that encompass large differences in site productivity (LI and MCKEAND, 1989; MCKEAND et al., 1990 MCKEAND et al., , 1997a . There have been some noted exceptions where GxE has been significant for different populations of loblolly pine (SIERRA-LUCERO et al., 2003; ATWOOD et al., 2002; YEISER et al., 2001) , so a detailed assessment for these populations was warranted.
In the diallel tests, GxE for both half-sib and full-sib families can be assessed. Full-sib families are expected to display a higher degree of interaction with the environment than half-sib families since there is less genetic variance within each full-family (i.e., a lower level of buffering to environmental variations), and more of the genetic variance exists among families (e.g., ALLARD and BRADSHAW, 1964; BRIDGWATER and STONECYPHER, 1978) . Additionally, GxE at the full-sib family level is caused by both additive and non-additive effects.
Type B genetic correlations give an indication of the importance of genotype by environment interaction. If the correlation is high (generally > 0.67), then GxE is considered to be of minimal concern in breeding and deployment programs (SHELBOURNE, 1972) . We estimated type B genetic correlations for both GCA (the most common type of estimate) and for SCA ( Table 2) . Overall, the average correlations were high (r GCA = 0.77 and r SCA = 0.69 for height; r GCA = 0.75 and r SCA = 0.74 for volume), indicating a relative lack of GxE both for additive and non-additive genetic effects for growth traits. There were some test series with much lower type B genetic correlations (lowest was 0.04, highest was 1.00 for both height and volume), but the average GxE was low. The unbiased additive and non-additive type B genetic correlations were very similar to the averages for each region (Table 3) . Overall, higher unbiased estimates of additive genetic correlations suggest that genotype by environment interactions are negligible. For the r GCA for height, there were regional differences. Families were most stable in the Lower Gulf and Upper Gulf tests and slightly more interactive in the other regions. As found in numerous other trials (e.g. LI and MCKEAND, 1989; MCKEAND et al., 1997a; YEISER et al., 1981) , GxE appears to be of minimal concern for this large sample of families.
The average K-statistic for half-sibs (caused only by additive genetic x environmental interaction) was 0.35 for height and 0.52 for volume, meaning that the GxE variance was about one-third to one-half the genetic variance for height and volume, respectively. Again, the family by environment variance or specifically the additive genetic by environment variance is of little practical concern. Interestingly, the GxE for full-sibs (caused by both additive and non-additive genetic x environmental interaction) is essentially the same as for half-sibs for height (K fs = 0.36) and was lower than GxE for half-sibs for volume (K fs = 0.43 for full-sibs for volume). Since the non-additive by environment interaction is small (e.g., the large r SCA values in Table 3) , full-sib families should be as stable and predictable across sites as half-sib families. With more emphasis on operational deployment of full-sib families (BRAMLETT, 1997), foresters should be able to plant well tested crosses with confidence in their performance across many sites.
The implications for deployment of both half-sib and full-sib families are clear. Full-sib families will be just as stable as half-sib families for growth traits across different sites, at least within a fairly narrow geographic region. More extensive testing of full-sib families across diverse geographic regions will be conducted by cooperators in the NCSU-ICTIP in the third-cycle breeding program. We are interested in determining the stability of full-sib families for growth traits, as well as for fusiform rust resistance and stem quality traits. GxE may well be an important concern when other traits besides height and volume are evaluated (e.g., MCKEAND et al., 2003a) and when full-sib families are planted on more diverse sites across more diverse regions.
Conclusions
Analyses of the diallel data will continue to be more thoroughly investigated to assess GxE, correlations among traits, and estimates of genetic gain for different traits. This is a unique data set because of the size of the genetic sample (over 3000 parent trees) and the high quality of the test information. In summary, the analyses of 265 diallel test series have led to several valuable conclusions for future testing efforts:
1. The h 2 NS estimates for height and for volume were 0.19 and 0.16, respectively for loblolly pine. The h 2 BS estimates were higher for height (0.24) and volume (0.22) due to presence of non-additive genetic variances. These estimates are based on over one million trees and could be used for designing breeding programs and prediction of genetic gains for breeding programs.
2. Planting tests on uniform sites is important if reasonable levels of heritability and genetic gains are to be achieved.
3. In general, genetic differences in growth traits are not strongly related to site index. Growth potential for a given site is not a critical determinant for use as a test site.
4. GxE interaction effects are relatively minor both for half-sib and full-sib families.
Introduction
Wild cherry is a very valuable forest tree species. The wood is mainly used for panelling and cabinet-making and achieves very high prices on the wood market. Breeding programmes have been initiated in several countries because of the value of the wood and the fast growth of the species (KOBLIHA, 2002) . In Galicia (NW Spain) a long term breeding programme for this species was begun in the 1990's to improve timber quality and production. The breeding programme included phenotypic mass selection in wild stands and the use of the material for seed production in clonal seed orchards. Seed orchards are plantations created for production of genetically improved seeds to create commercial forest crops. The genetic quality of the seeds depends on the genetic superiority of the plus trees, their relationships, their combination ability, and the rate of pollen contamination, among other factors.
Variation in fertility and flowering phenology are generally known to affect the genetic composition of seed orchard crops (GÖMÖRY et al., 2003) . Thus, to improve tree quality it is important to investigate the variation in fertility and flowering phenology in seed orchards and to make predictions about the genetic composition of the seed crop. Significant genetic variation in flowering time has previously been reported for different Prunus spp. (COURANJOU, 1995; DICENTA et al., 1993; HANSCHE, 1990; HANSCHE et al., 1966) , Malus sylvestris (L.) Mill. (LABUSCHAGNE et al., 2002) , and Pistacea vera L. (CHAO and PARFITT, 2003) , among others.
Large differences in fertility among clones have been reported in conifer clonal seed orchards (e.g. MERLO and FERNÁNDEZ-LÓPEZ (2004) 
